The vertical distribution of eggs and larvae of Maurolicus japonicus were described based on discrete depth oblique tows of a larva net seasonally collected during both day-and nighttimes at a 130 m-depth station near the continental shelf of Tosa Bay. The abundance and diel differences in the vertical distribution of eggs and larvae in relation to physical properties of the water column were also examined. Both eggs and larvae occurred only in spring and neither occurred in other seasons. In spring, water temperature, salinity and specific gravity were less stratified in the water column with a modest upwelling to ca. 100 m-depth, around which the seasonal temperature hardly changed. Unlike the Japan Sea, with a year-round reproduction of M. japonicus, the limited occurrence of eggs and larvae in Tosa Bay was likely related to upwelling in April. Eggs were twice as abundant at night-than daytime, suggesting that this species spawns at night. Most of the eggs were in A and B-stages and aggregated at 30-70 m depth during both the day and night. Larvae that were mainly in preflexion without yolk and flexion stages, were found in the 110-70 m and 130-90 m depth layers during day-and nighttimes, respectively. Earlier larval stages were dispersed abundantly from 130-m to the surface during daytime, with little correspondence to light attenuation or chlorophyll-a concentrations. Compared to the Japan Sea, Tosa Bay yielded various mesopelagic fish species that inhabit and breed in the mesopelagic zone, so that the reproductive niche would be temporally and spatially limited for M. japonicus.
Introduction
Maurolicus japonicus Parin & Kobyliansky, 1996 of the family Sternoptychidae, is a mesopelagic fish occurring in high abundances near continental slopes (Boehlert et al. 1994) . It is widely distributed around Japan, particularly in the Japan Sea, and this fish predominantly occupies the niche of mesopelagic waters, where the biomass of this species is estimated at over three million-t (Okiyama 1971 (Okiyama , 1981 . This fish is an important prey species for many marine predators in the Japan Sea (Okiyama 1971) . Considering the ecological niche of this species, various studies on the ecology, particularly the early life history (Nishimura 1959 , Okiyama 1971 , Kato 2001 , Fujino et al. 2013 , have been conducted in the area.
Along Japanese coasts facing the Pacific, many mesopelagic fish larvae have been recorded, with Myctophidae as the most abundant and speciose group (Sassa et al. 2002 , Sassa et al. 2004 , Sassa & Hirota 2013 . Tosa Bay is one of the areas where this family dominated the mesopelagic larval community, and M. japonicus has been recorded as the species with the second largest biomass (Sassa & Hirota 2013) . Reasons for the presence of such a huge larval biomass of Myctophidae were investigated in waters along the Kuroshio Current, including this bay (Sassa et al. 2002 , Sassa et al. 2004 , Watanabe et al. 2010 , Sassa & Hirota 2013 . These studies suggest that larval vertical distribution segregates habitat among species, reduces interspecific competition for food resources and also reduces cannibalism by older stages in Myctophidae. Detailed studies on the vertical distribution of the early stages of M. japonicus have been carried out in the Japan Sea (Okiyama 1971 , Kato 2001 ), but little is known about their vertical distribution in Tosa Bay. Therefore, in this paper, we examined the seasonal vertical distribution of eggs, as well as larvae, in relation to physical profiles of the water column (temperature, salinity, specific gravity, chlorophyll-a and light quantum) at a ca. 130 m-depth station near the continental shelf of Tosa Bay.
Materials and Methods
Since the early stages of Maurolicus japonicus have mainly been reported to be found in the upper 200 mdepth layer (Kato 2001 , Sassa & Kawaguchi 2006 , ichthyoplankton were collected by means of discrete depth oblique tows of a larva net (1.3-m mouth diameter, 0.5-mm mesh aperture, Fig. 1 ) from near the bottom to the surface in June, September 2014, January and April 2015 at a ca. 130 m-depth station (31°17′00″ N, 133°36′45″ E), with little direct influence by the Kuroshio Current (Fig. 2) . The discrete layers were as follows: 130-110, 110-90, 90-70 and 70 m-surface during the daytime, and similarly during the nighttime, with the last layer further divided into three layers (70-50, 50-30 and 30 m-surface) . To avoid contaminant specimens collected between the target depth layers, we devised and fabricated a discrete depth towing system, as shown in Fig. 1 . An extra-fine rope was attached to the towing ring and a larger rope to the main body of the larva net (Fig. 1a) . After towing in each target discrete layer, the towing speed was increased until the extra-fine rope broke, whereafter the larger diameter rope, which remained attached, closed the net (Fig. 1b) .
All samples were initially fixed with ca. 10% seawaterformalin. Eggs and larvae were immediately sorted and preserved in 10% formalin and 80% ethanol, respectively. Then, eggs and larvae of M. japonicus were sorted out of the bulk samples and developmental stages were counted based on the ontogeny of the embryo (Nakai 1962 ) and notochord tip (Kendall et al. 1984) , respectively. Larvae were subsequently measured for notochord length (preflexion without yolk, and flexion stages), and standard length (postflexion stage) as their body lengths. The larval mean sizes were plotted against depth layers for day-and nighttimes, and were compared using one-way ANOVA with the Games-Howell post hoc multiple comparisons test, based on a significance level of α=0.05.
During each sample collection, water temperature (°C), salinity, specific gravity (σ 15 ) and fluorescence/chlorophylla concentration (µg L −1 ) were measured at 0.5-m intervals from the surface to the bottom using a Compact-CTD (Ver. 1.1.5, Alec Electronics), while light quantum was measured from the surface to 113 m-depth using a Com- pact-LTD (L30-CMP, Alec Electronics) during the day, twilight and nighttimes. Diel vertical profiles of temperature, salinity, specific gravity and chlorophyll-a were only shown for the month when eggs and larvae occurred. For the light quantum (daytime), data for May were used in this paper because of failed measurements in April.
Results

Seasonal variation
Water conditions. Vertical temperature and specific gravity profiles showed stratification during the summer and autumn, while the water column was well-mixed in winter and spring, with somewhat colder and denser water near the bottom in spring (Figs. 3a, c ). Salinities were stratified to ca. 50 m-depth in summer, while a distinct halocline appeared near the surface in autumn. Then, a strongly mixed layer was formed in winter and spring, with water of somewhat lower salinity near the bottom in autumn and spring (Fig. 3b) . Chlorophyll-a concentration was higher around 40-50 m depth in summer and spring, but the peak was more distinct in spring (Fig. 3d) .
Eggs and larvae of Maurolicus japonicus. Neither eggs nor larvae of M. japonicus occurred in June, September or January, but they were abundant in both day-and nighttime samples in April (Fig. 4) . Egg densities were twotimes higher during nighttime than during daytime, but larval densities showed the opposite pattern, with daytime densities almost double those during the nighttime. In April, the temperature and specific gravity were consistently stratified with almost constant values from day-to nighttime (Figs. 5a, c) . The water column continued to be mixed in terms of salinity, with marginally lower salinity near the bottom during daytime (Fig. 5b) . Chlorophyll-a concentrations were highest at ca. 40 and 50 m-depths during the day-and nighttime, respectively, with interposing low algal values over the entire water column during the twilight hours (Fig. 5d) . During the daytime, it was exponentially darker in deeper depth layers, with a marginal inflexion at ca. 55 m-depth and somewhat detectable levels even over 110-m (Fig. 6) . 
Vertical distribution of the eggs and larvae
Both the eggs and larvae were dispersed throughout the entire water column during daytime, with higher egg densities from 70-m to the surface and higher larval densities at 110-70 m depth (Fig. 7) . Most of the developmental stages were A and B in eggs, and preflexion without yolk in larvae. C-stage eggs and preflexion larvae with yolk were not recorded in any layers. B-stage eggs dominated the overall densities and were most abundant from 70-m to the surface, while postflexion larvae were observed only at 90-70 m depth.
At nighttime, A and B-stage eggs were similarly abundant from 90 to 30 m-depths, with a mode at 70-50 m. (Fig. 7a) . The larvae, chiefly composed of the preflexion without yolk and flexion stages, were found at 130 to 50 mdepth, but were more concentrated in the 130-90 m depth layer (Fig. 7b) . A few late stage eggs and larvae were observed during nighttime, with C-stage eggs occurring only in the deepest (130-110 m) layer and postflexion larvae at 130-90 m. As with daytime, no preflexion larvae with yolk were collected in any of the layers.
A comparison of larval sizes between day-and nighttime is shown in Fig. 8 . Mean body lengths were generally longer during nighttime, except in the 90-70 m depth layer. Length differences were significant in the 110-90 m layer, as well as in 70-m to the surface layer where the smallest sizes were observed during the daytime. 
Discussion
Eggs and larvae of Maurolicus japonicus were completely absent in June, September and January, but occurred abundantly in April, when temperature, salinity and specific gravity were less stratified in the water column (Figs. 3a-c) , and a modest upwelling tended to occur to ca. 100 m-depth. Further offshore above the continental slope of Tosa Bay, Sassa & Hirota (2013) also reported that larvae were collected only in spring by oblique tows from 500 m-depth. In Sagami Bay, central Japan, facing the Pacific, Sassa & Kawaguchi (2006) caught a few larvae from 50-100 m depth, primarily in July. These results, together with those from the present study, suggest that the reproductive season for this species along the west Pacific coasts of Honshu and Shikoku islands is limited to the spring and/ or summer. Above the continental shelf in Tosa Bay, the occurrence of eggs and larvae only in the spring is likely attributable to upwelling in April, which vertically transports the eggs and larvae to shallower depths. However, such a phenomenon is not known in Sagami Bay, though M. japonicus larvae were observed during the month (July) when the effect of Kuroshio transport was highest (Sassa & Kawaguchi 2006) .
Both eggs and larvae were present at high densities from 70-m and shallower during the daytime. Since this entire layer was sampled by a single oblique tow during the daytime, it cannot be ascertained up to how shallow the high densities actually occurred. In Sagami Bay, some of the recorded larvae were distributed from 100 to 50-m in the daytime (Sassa & Kawaguchi 2006) . There is thus no doubt that M. japonicus eggs and larvae are distributed up to waters shallower than 70-m during the daytime. In the daytime, earlier stage larvae were present abundantly from 130-m to the surface layer (Fig. 7b) , with little, if any, correlation to light attenuation (Fig. 6 ) or chlorophyll-a concentration (Fig. 5d) . In shallower depths (above 70-m) earlier stage larvae, which are primarily visual feeders, likely take advantage of the ambient light field, and with high chlorophyll-a concentrations, zooplankton prey abundance would also be expected to be high (Nishibe et al. 2009 ), favoring higher survival of larvae in this layer. In the Mediterranean, mesopelagic fish larvae, including the closely related Maurolicus muelleri Gmelin, 1789, perform the same dispersion at daytime as in the present study (Sabatés 2004) .
Compared to earlier stage larvae, upward dispersal was not apparent in flexion and postflexion larvae (Fig. 7b) , which begin to develop a gas bladder and photophores (Okiyama 1971 , Kato 2001 . This suggests that more developed larvae can forage using these organs, even under limited light conditions, in either day-or nighttime, so that there is no need to disperse upwards.
The dispersal of eggs during the daytime cannot be satisfactorily explained, but early stage (A) eggs occurring when the density profile of the water column was stable during both day and night (Fig. 5c) , occurred deeper during nighttime than during daytime (Fig. 7a) . This suggests that M. japonicus spawns chiefly at nighttime in Tosa Bay. The factor which may explains the timing of spawning of this species in the study area however is not known. At both collection times, C-stage eggs were observed only in the deepest layer and at low densities, while preflexion larvae with yolk were not recorded at all, possibly because eggs are expected to sink as they develop (C-stage) due to an increase in their specific gravity (Miller & Kendall 2009) . Thus, it is likely that we did not collect the C-stage eggs and preflexion larvae with yolk because of their deeper distribution. Unlike the case of Tosa Bay, Cstage eggs were abundant during both day-and nighttime in Wakasa Bay of the Japan Sea (Kato 2001) . Since the water in this area, particularly around 100 m-depth, is denser, later stage eggs are buoyed up to shallower depths. Nevertheless, preflexion larvae with yolk were still absent from the samples in Wakasa Bay (Kato 2001) , similar to the case in the present study. This absence may be attributed to the large mesh aperture (0.7-mm) of the larva net used in the study by Kato (2001) , which is too large to capture very small preflexion larvae with yolk, with body depths of 0.6-0.8 mm as estimated from Kato (2001) , which can also probably pass through the mesh.
Larval sizes were larger during the nighttime (Fig. 8) in most of the layers. This difference is most certainly caused by more frequent net avoidance during daytime. The much smaller average size in the upper layer during daytime suggests that early stage larvae are more likely to be dispersed shallower.
In Tosa Bay, M. japonicus eggs and larvae appeared only in the spring (Fig. 4) , although this species spawns year-round in the Japan Sea (Okiyama 1981 , Kato 2001 . Seasonal temperature hardly changed in layers ca. 100 mdepth in either Tosa (Fig. 3) or Wakasa Bays (Kato 2001) , although spawning in the latter is influenced by the dynamics of the Tsushima Current, a branch of the Kuroshio Current (Okiyama 1981) . Accordingly, the seasonally-limited spawning in Tosa Bay should not be attributed to variations in the thermo-regime. Instead, we propose the following to explain the seasonally-limited spawning of the species in the study area. In the Japan Sea, the reduced interaction with the mesopelagic fish community, along with its high biomass (Okiyama 1981 (Okiyama , 1985 would allow this species to continuously reproduce year-round. Conversely, in Tosa Bay, the mesopelagic fish assemblage, e.g the Myctophidae, are much more abundant compared to the Japan Sea. The observed limited and fixed seasonal pattern of occurrence of M. japonicus and other mesopelagic fish larvae in Tosa Bay (Sassa & Hirota 2013) , suggests niche separation (temporally and spatially) between and among species, allowing them to co-exist. Further study on larval feeding ecology and the vertical distribution of other mesopelagic fishes is needed to sufficiently understand niche partitioning among mesopelagic fishes in Tosa Bay.
